ESR dating has been widely used in seismic assessment. In this paper, we collected fault gouge samples systematically for ESR (Electron Spin Resonance) dating, and sediment samples of overlying strata, and offset strata for OSL (Optically Stimulated Luminescence) dating along Xiaoshan-Qiuchuan fault (XQF) trending NE-SW, Xiaofeng-Sanmen fault (XSF) trending NW-SE, and Changhua-Putuo fault (CPF) trending E-W. In the same fault outcrop, the ESR data of fault gouge is greater than the OSL data of the strata offset by fault. Therefore, the ESR data of fault gouge colleted in Hangzhou region do not represent the time of weak fault movement in Late Quaternary region, but represent the strong fault movements in Late Cenozoic. The episode of fault movement in Late Cenozoic could be speculated according to the ESR data: 1.00~0.58 Ma, there were strong fault movements along the XSF, XQF and CPF in Hangzhou region; 0.58~0.45 Ma, the fault movements of all faults became weaker and did not zero ESR signals significantly for ESR dating of fault movements; 0.45~0.20 Ma, there were strong fault movements along part of XQF; 0.1~0.01 Ma, there were fault movements along the XSF only, but the fault movements were not strong enough to reset the ESR signal; Since 0.01 Ma, the Hangzhou region tends to be stable. In addition, the XSF might be the division line of fault segmentation of XQF; there were strong fault movements along the southwest segment of XQF during 0.45 Ma to 0.20 Ma; while the fault movements along the northeast segment of XQF mainly occurred during 1.00~0.58 Ma.
Introduction
Since Ikeya (1982) presented that ESR (Electron Spin Resonance) dating of fault gouge could be accepted as an actual time of latest fault movement, the ESR dating has attracted a lot of attentions from geologists (CHEN and PENG, 1991; SUN et al, 1999; Skinner, 2000; LIN et al, 2005; YANG et al, 2006) . In recent years, geologists began to doubt the reliability of ESR dating in aseismic region (Fukuchi, 2001) . The depth of overlying strata, water content and the strength of fault movement controlled the resetting of ESR signal (CHEN and PENG, 1991; Fukuchi, 1993 Fukuchi, , 2001 LI et al, 1999) . The ESR data of fault gouge can be accepted as the time of the latest fault movement in intensive seismic area which could be deduced with the OSL (Optically stimulated luminescence) or TL (Themzoluminesoenoe) data of overlying strata, and offset strata (WANG et al, 2002; YU et al, 2004) . However, the adaptability of direct ESR dating of fault gouge in aseismic region is still dubious.
During the study on fault activities in Hangzhou region, the ESR dating method of fault gouge and the OSL dating method of sediments were used to confirm whether the ESR data match the latest fault movement in aseismic region.
Geological background
Hangzhou region locates in the east of Lower Yangtze area and mainly consists of NE-SW trending structures. There are three groups of faults in the region: faults trending NE-SW such as Xiaoshan-Qiuchuan fault (XQF), faults trending E-W such as Changhua-Putuo fault (CPF), and faults trending NW-SE such as Xiaofeng-Sanmen fault (XSF). All the faults had several active stages that made the structure more complex (HUO et al, 2004) . Since Quaternary, the fault movement became weaker than before and made Hangzhou region be a typical aseismic region. There are four moderate history earthquakes (M≥4.0) in the region: Hangzhou earthquake occurred in 929 (M5.0), Fuyang earthquake occurred in 1855 (M4.75), Haining earthquake occurred in 1867 (M4.75) and Wukang earthquake occurred in 1911 (M4.0) (ZHONG and YAO, 2000) .
There are several TL data of fault gouge collected from the bedrock of the three faults. The TL data shows that the latest fault movements of the three faults occurred during the late middle Pleistocene to the early stage of late Pleistocene (YE, 2001; DING et al, 2003) .
Sample locations and data analysis
For the XQF, CPF and XSF in Hangzhou region, 26 samples of fault gouge for ESR dating and 8 samples of sediments for OSL dating were systematically collected. The sample locations are showed in Figure 1 , the sample environment is listed in Table 1 , and the photographs of outcrop for sample collection are given in Figures 2. The samples for ESR dating were collected from unconsolidated, no secondary mineral inside Note: B/B: Both the hanging wall and the foot wall consist of bedrock; S/S: Both the hanging wall and the foot wall consist of loose sediment of Quaternary.
fault gouge along the fault plane. The sediment samples were collected from clay and fine sand with some gravel inside. The dating was finished by Institute of Geology, China Earthquake Administration (IGCEA). The ESR data was obtained on E'center in quartz. The OSL data was obtained on simplified multiple aliquot regenerative-dose (MAR) using Post-IR OSL. The data is listed in Table 1 .
Adaptability of ESR dating 3.1 Comparison between the ESR data and OS L data obtained in Huangdongling trench
Several prospecting trenches were excavated in Hangzhou region in order to study the time of the last fault movement and the characteristic of fault activity. In Huangdongling trench, both the ESR data of fault gouge and the OSL data of sediments were collected. Six faults were exposed in the trench which had several activity episodes (Figure 3 ). For example, the fault f a was normal fault in early stage. That fault movements made the weathered bedrock of hanging wall slide down, and covered by Quaternary loose deposit. In contrast, the bedrock and deposits overlying was squeezed later by fault f a which changed to thrust fault as other faults developed in loose deposit. The fault f a was the major fault and its activity influenced the other faults. The ESR sample was collected from the grey, nearly consolidated fault gouge from the fault plane. The buried depth of ESR sample was 4 m. The ESR data of fault gouge was (36.00±2.8)×10
4 a B P. The fault f a offsets the formation b, but hasn't extended to the top of that. The OSL data of the sediment which was offset by fault f a is (5.12±0.56)×10 4 a B P., while the OSL data of the sediment overlying is The difference between the ESR data and OSL data are found in other trenches excavated in Hangzhou region. All the ESR data of fault gouge is greater than the OSL data of strata. The geochronological ages of fault gouge using ESR dating method is older than the time of the latest fault movement which can be limited by OSL data of overlying strata, and offset strata (Figure 4 ).
Comparison between seismic region and aseismic region
All the data of the three faults are showed in Figure 4 . Most of the ESR data is greater than 0.20 Ma, only two ESR data is about 0.20~0.10 Ma. Most of the OSL data of overlying strata, and offset strata is about 0.05~0.01 Ma, whereas the TL data of fault gouge is about 0.12~0.07 Ma (Figure 4 ). All the ESR data is much greater than the OSL data and the TL data. Because of the different dating accuracy and age range, it is ineligible to compare the data directly. We use ESR data of fault gouge and TL data of overlying strata, and offset strata in Kunming region which is a typical seismic region to compare the adaptability of direct ESR dating of fault gouge in Hangzhou region which is a typical aseismic region. The TL data of fault gouge collected in Hangzhou region is few and unsystematic collected. Therefore, the TL data of fault gouge is used as supplement. Assuming ESR data of fault gouge, TL data of fault gouge, TL and OSL data of strata have the same stability and reliability, the variance [D(ΔT)] of different dating methods for the same segment of the same fault was obtained for data fluctuating. The magnitude of the largest history earthquake (M max ) depicted in Figure 5 is considered as regional geological background.
The ESR data of fault gouge, the TL and OSL data of sediment are stable in Hangzhou region and Kunming region. However, the offset of data using different dating methods fluctuate in Hangzhou region much more than that in Kunming region. As shown in Figure 5 , the variance [D(ΔT)] of Hangzhou region is much greater than that of Kunming region. The variance is also related to geological background. The variance [D(ΔT)] has inverse proportion relation with the largest earthquake (M max ). It indicates that the resetting of ESR signal has direct correlation with the seismic background. In seismic area, the fault movements are strong enough to reset the accumulated ESR signals completely at the time of fault movement and the ESR data of fault gouge are close to the latest fault movements. In contrast, the ESR data of fault gouge is much older than the OSL or TL data of overlying strata, and offset strata in aseismic region, since the ESR signal cannot be completely reset during the latest fault movement. Therefore, the difference between the ESR data of fault gouge and OSL data of overlying strata, and offset strata due to the weak fault movement in Late Quaternary. The ESR signals of fault f a in Huangdongling trench accumulated again since 0.36 Ma and had not been reset because the later fault movements were not strong enough. For these reasons, the ESR data of fault gouge cannot be accepted as the time of the latest fault movement in Hangzhou region. On one hand, in aseismic region, the fault movements since late Quaternary were too weak to reset the ESR signals. On the other hand, the large offset between the ESR data and the time of latest fault movement represents the geological background of aseismic region.
Episodes of strong fault movements
Based on the above analysis, the ESR data of fault gouge in Hangzhou region cannot be accepted as the time of the latest fault movement. According to the resetting mechanism of ESR signals, the ESR data represents the episode of strong fault movements in Hangzhou region since Cenozoic (Fukuchi, 2001) . The ESR data can be divided into two time zones: 1.00~0.58 Ma and 0.45~0.2 Ma (Figure 4) . For the time zone of 1.00~0.58 Ma, there are eleven ESR ages of XQF, CPF and XSF. It probably represents that there were strong fault movements along the three faults However, there are no ESR data of XSF and CPF in this time zone. It means there was no strong fault movement along the XSF and CPF, or the fault movements were not as strong as XQF. We have not found any ESR data smaller than 0.1 Ma; In contrast, all the OSL data obtained from the trenches are less than 0.1 Ma. Considering that all the trenches locates along the XSF (Figure 1) , the fault movements exposed in trenches (Huangdongling trench, Jingshanling trench, Qingshan trench, and Tea Files trench) were influenced by XSF. The OSL data of sediments indicates that there were fault movements along the XSF and its second fractures since 0.1 Ma. However, these fault movements were not strong enough to reset the ESR signals. Neither the ESR data nor OSL data is less than 0.01 Ma. It indicates that the Hangzhou region tends to be stable in Holocene. Accordingly, the episodes of strong fault movements in Hangzhou region can be deduced as follows: from 1.00 Ma to 0.58 Ma, there were strong fault movements along the XSF, XQF and CPF; from 0.58 Ma to 0.45 Ma, the fault movements were not as strong as before; from 0.45 Ma to 0.20 Ma, there were strong fault movements along part of XQF; from 0.1 Ma to 0.01 Ma, there were several fault movements along XSF; Since 0.01 Ma, the Hangzhou region became an stable region. The episodes deduced from the ESR data are consistent with the neotectonic character of Hangzhou region. In middle Pleistocene, the mountainous area uplifted, and the fault movements occurred along NE-SW trending faults showed much more piecewise than that in early Pleistocene. At the same time, the NW-SE trending faults began to control the subsidence of plain (LI, 2004) . The neotectonic character of Hangzhou region matches the episodes of fault movements concluded from the ESR data of fault gouge.
Based on the analysis of ESR data for XQF at the locations of fault gouge samples (Figure 6 ), The ESR data of fault gouge is subdivided into two parts bordered with XSF. In the southwest of XSF, most of the ESR data of XQF is less than 0.29 Ma which is in the episode of 0.45~0.20 Ma. It indicates that there were strong fault movements occurred along southwest part of XQF. In the northeast of XSF, all the ESR data of XQF are greater than 0.34 Ma, most of ESR data is in the episode of 0.1~0.58 Ma except the ESR data obtained from Longshan chemical plant. It indicates that there were strong fault movements along the northeast segment of XQF in early Pleistocene, but the fault movements became weaker later. The ESR signals began to accumulate at that moment.
Conclusions
The adaptability of ESR dating of fault gouge in aseismic region is studied based on the analysis of the ESR data of fault gouge and OSL data of sediments for the NE-SW trending, Figure 6 Statistical analysis of ESR data of XQF NW-SE trending and E-W trending faults in Hangzhou region. The fault movements were not strong enough to reset the ESR signals in Late Quaternary. The ESR data cannot be accepted as the latest fault movement but indicates the time of fault movements.
The fault activity of Hangzhou region became weaker gradually since Quaternary. The fault movements in Quaternary could be sorted to five episodes: 1 there were strong fault movements along all the three faults; 2 the fault movements became much weaker; 3 there were strong fault movements along the XQF with NE-SW trending; 4 there were weak fault movements along the XSF with NW-SE trending; 5 the Hangzhou region tended to be stable.
Above all, the adaptability of ESR dating of fault gouge in different geological background should be considered during the seismic risk evaluation. Besides the reset mechanism, special attention should be given to the sample collection and preservation, especially the estimation of moisture content, the influence of expected age for irradiation (LIN et al, 2005) , the influence of the later movements (Fukuchi, 2001) . Furthermore, the improvement of measurement accuracy, dating material and geological application are urgently expected.
